Abstract-For analyzing performance of non-homogeneous hybrid lines, a new technique of dealing with nonhomogeneous lines is proposed to transform a non-homogeneous production line into a homogeneous line, which is based on decomposition method. The technique extends the applicability of decomposition method to nonhomogeneous lines. The technique is discussed by numerical experiments comparing with aggregation method, what's more, the advantages and disadvantages are specified. The technique complements and develops the system analysis techniques of hybrid production lines.
time-consuming. The aggregation method can be utilized directly to analyze homogeneous production line as well as non-homogeneous production line without any transformation. Nevertheless, compared with decomposition method, the aggregation method sometimes has a larger analysis error on some models of production line. A production line for which the processing times or production rates at all machines are equal will be called a homogeneous line.
The idea of decomposition method is to decompose the original production line into a set of two-machine lines, and the behavior of the two-machine lines closely approximates that of the original production line. Many scholars do a great deal of work to increase the efficiency of the technique, such as Dallery Y. and Bihan H. L. [9] , Colledani M. and Tolio T. [10] , etc. The technique seem to find a balance between complexity and reliability, for example, more simplified and high convergent algorithms such as ADDX,BDDX, etc, are offered and developed [11] - [12] . Moreover, the method has been developed and widely utilized to study production lines with complex construction, e.g. parallel lines [13] , assembly/disassembly lines [14] , closed loop system [15] , etc. In order to use this decomposition technique for analyzing non-homogeneous lines, Gershwin [16] has proposed a transformation of a non-homogeneous line into a homogeneous line. The transformation is as follows. Each machine but one (the fastest one) is replaced by a set of two machines separated by a buffer of capacity 0. Downstream machine captures the unreliability behavior of the original machine, while the upstream machine represents the processing time. The resulting line is homogeneous and can be analyzed using the decomposition method. Some numerical experiments have been done for testing the transformation technique by Gershwin [6] .
The purpose of the paper is to present a new transformation technique. The new transformation technique is tested by numerical experiments based on the decomposition method. The advantages and disadvantages, including the applied circumstance of the transformation are presented by comparing it with aggregation method of Meerkov [17] . 
Due to the line is a conserve system, the system throughput E of the line in a long run is as follows:
The system average surplus 
The system throughput E and average buffer level i Q are the main system performance parameters of production lines.
III. A NEW TRANSFORMATION METHOD

A. Traditional Transformation Technique
For analyzing non-homogeneous lines, it needs to transform non-homogeneous lines into homogeneous lines to utilize the decomposition method. In 1987, Gershwin [16] proposed a transformation technique which was widely used by scholars later. In the method, each machine but one (the fastest one) is replaced by a set of two machines separated by a buffer of capacity 0, meanwhile, downstream machine captures the unreliability behavior of the original machine, while the upstream machine represents the processing time. The non-homogeneous lines is shown in Fig. 1 , let 1 2 min( , , , )
M which is not the fastest machine in the system, the transformation proposed by Gershwin is as follows. In Fig. 2 , the line L is decomposed to two pseudo-lines
and (2) L . Each machine of the two-machine lines is characterized by its failure and repair rate. The process of the decomposition algorithm is as follows.
Step 1: Initialization: (2) u M so that the behaviors of the two-machine lines are nearly the same as the original line.
Step 3: Then, calculate the parameters of
by the parameters of
u M . Go to step 2 until convergence of the unknown parameters.
B. A New Transformation Techniques
The paper presents following a new transformation technique based on the transformation proposed by Gershwin. (4), downstream machine captures the unreliability behavior of the original machine, while the upstream machine represents the processing time. This is as same as the method proposed by Gershwin. However, the parameters of the downstream machine are the same as the original machine in (4). That is to say, we do not consider the adjustment of failure rate due to enhancing the production rate of original machine which is not the fastest machine. Meanwhile, the very small failure rate of the upstream machine is adopted rather than the very large repair rate in (4). This is because p is obtained. We think the bad influence incurred by enlarging failure rate cannot be eliminated completely by simply enlarging repair rate of machines. So we consider the very small failure rate of machines in (4).
IV. NUMERICAL RESULTS AND DISCUSSION
For the convenience of comparing the new transformation techniques with the traditional transformation technique proposed by Gershwin [16] and aggregation method of Meerkov [17] , the data of the literature [6] are utilized. Note that in order to match the scale of enlarging failure rate in (3), let Table I to Table IV The following conclusion can be drawn from the numerical results of Table I to Table IV. Note that these numerical examples are only a few among those we tested.
For lines with low non-homogeneous characteristics, it can be seen that compared with simulation results respectively in Table I 
(please refer to (3)). Whereas, as mentioned in former section, we think the bad influence incurred by enlarging failure rates cannot be eliminated completely by simply enlarging repair rates of machines from the system viewpoint of lines. That is to say, the enlarged failure rates of machines result in stronger impact on the system performance than the equal-scale enlarged repair rates, especially for the lines with low non-homogeneousness. So for the lines with low non-homogeneousness 1 L , the numerical results with smaller error are obtained by the new method in which the small failure rate is considered.
However, with the increasing non-homogeneousness of lines, the treatment that the large repair rate is considered is better able to reflect the increasing of blockage and starvation incurred by increasing non-homogeneousness than the treatment that the small failure rate is considered because of
. So Gershwin's method has smaller analysis errors on the throughput E for lines with high non-homogeneousness. Nevertheless, the enlarged failure rates of machines have a strong impact on the surplus of buffers. So for lines with high non-homogeneousness, the surplus i Q obtained by Gershwin's method on the whole has larger error than results obtained by the new method due to enlarged failure rates. Note that the decomposition method and Gershwin' method, including the new transformation technique offered in the paper, are all approximation analysis techniques after all, so that the system performances are only estimated approximately. In addition, For line 3 L , although the line has high non-homogeneousness, the numerical results exhibit the similar features of lines with low non-homogeneousness. This is because the capacities of buffers in the line 3 L are very large so that the blockage of the system is few and the system exhibits the similar characteristics of low non-homogeneous system. Furthermore, it can be drawn from the numerical results of Table I to Table IV 
